Introduction

45
Humans are exposed to a large variety of environmental contaminants through diet, water, air 46 or direct skin contact. Exposure modalities rely on lifestyle, place of residence, occupation, food habits and air quality. Deciphering the potential health effects resulting from exposure to 
Metabolic features related to environmental exposures
101
A summary of the reported metabolic changes and suggested pathways is presented in Table   102 2.
103
Metals and Polycyclic aromatic hydrocarbons (PAHs)
104
Reactive oxygen species (ROS) -mediated oxidative stress, and to a lesser extent, nitrosative 105 stress, may be considered as one of the potential modes of action of metals and PAHs: all 106 studies have shown changes in levels of metabolites indicating oxidation both for exposure to 107 As, Cd, V, PAHs or to more complex mixtures (8, (10) (11) (12) 15, 16, 19, (22) (23) (24) : TCA-cycle 108 disruption and amino-acid metabolism impairment evoke a mitochondrial dysfunction with 109 insufficient energy production. Perturbation of lipid metabolism may also be due to oxidative 110 or inflammatory processes (12, 19, 22, 24) . These modes of action have been related to liver 111 and renal dysfunction, particularly for As and Cd (8, 10, 15, 23) . Modifications of cellular 112 signaling may be considered as another mode of action, as it was suggested for V and PAHs 113 which has an impact on PPAR and insulin signaling pathways leading to carbohydrate and 114 amino-acid metabolism (16). Finally, endocrine disruption is one another mode of action 115 suggested for As and Cd, with altered steroid hormone profiles (10,11). also demonstrated in populations exposed to PCBs, DDE and HCB (14, 18, 20 
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Pesticides
159
Only one study investigated the metabolic pattern associated with pesticides exposure (9). 
169
Plasticizers
170
One study investigated the metabolic pattern associated with DEHP and DBP exposure (17).
171
Authors suggested an oxidative stress induced by phthalates, due to changes in mitochondrial 
179
The consequences of BPA exposure on the urinary metabolic profiles of children aged 7-9 180 were investigated (21). This study showed that the biosynthesis of steroid hormones and the 181 metabolism of amino acids and glucose were affected in highly exposed children (highest 182 quartile) compared to children with limited exposure (lowest quartile), mainly in females (21).
183
These modifications observed in female may represent a risk of developing pathologies at an 184 adult age (polycystic ovary syndrome, diabetes, metabolic syndrome or cardiovascular 185 diseases). Other altered pathways (glucose) suggest an imbalance in energy homeostasis.
186
These results are supported by data previously obtained in mice (34) and rats (35) showing that BPA exposure disrupts energy metabolism, glucose metabolism and amino acid metabolism. In these animals, alterations of neurotransmitters were also identified. 
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• Bisphenol A was found to alter predominantly the biosynthesis of steroid hormones 213 and the metabolism of amino acids in children, mostly in females.
214
• Finally, for pesticides, available metabolomics studies only demonstrate (so far) an 215 impact on oxidative stress pathways. Metabolites that are modified between exposed and non-exposed groups: number (n) and name
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Suggested altered pathway/ mechanism
PCBs (20) Blood n=14 in maternal samples. Phosphorylcholine, hypoxanthine, cytosine, putrescine, carbamoyl phosphate, N6-acetyl-L-lysine, glutathione, uracil, norepinephrine, citraconic acid, xanthosine, kynurenic acid, serine, Nacetyl-glucosamine-1-phosphate. n=10 in cord samples. p-hydroxybenzoate, dihydroorotate, purine, ethanolamine, guanidoacetic acid, hydroxyproline, sedoheptulose 1,7-bisphosphate, betaine, tyrosine, glucosamine.
Biomarkers related to glutathione and amino acid metabolism in maternal serum and the amino acid metabolism, ubiquinone and other terpenoid-quinone biosynthesis in cord serum. These pathways are linked with lipid synthesis, mitochondrial electron transport, fetal survival and growth disruption of energy metabolism.
TCE (cleaning process) (29)
